ll02'J-:!()-^X/.H.)/HL!()l-l)l)7.1$()2.(lll/0 

Tin-: .lOIIIiNAI. OK INVKSTI(;ATI\ K l)KHMAT01jaB¥,. SSiS-fSv IS&t 

Copyrighl 19H4 by The VViUiams & Wilkins Co. 



V"l. .S2. N,,. 1 
I'rtnli'cl irt ( ',.S'..4 



Suppression of Sebum Secretion with 13-cis-Retinoic Acid: Effect on 
IndivMual Skin Surface Lipids and Implications for Thteir AjjatOJEnic 

Origin* 

MARf MAJm Bmw'Rm, Ph.D., Allison M. Benoit, B.S., Donald T. DQMiMe, Ph.D., ak» 

John S. Strauss, M.D. 

The Marshall Dermatology Research Laboratories, Department of Dermatology, The Unwersily of luwa College of Medicine, 

Iowa City, fef % U.S.A. 



The contribution of the keratinizing epidermis to the 
human skin surface lipid film has been difficult to as- 
certain because, after its release from the epidermal 
cells, epidermally derived lipid inevitably becomes 
UtiKed with sebum. In the present study, the sustainable 
rates of production of the 5 neutral lipid classes found 
on the skin snirface (triglycerides + free fatty acids^'wax 
esters, cliixlesterol, cholesterol esters, and squalene) 
were measured on the foreheads of acne patients before, 
during, and following treatment with 13-cis-retinoic 
acid, a drug which suppresses sebum production pro- 
foundly. Since sebum production was high in the pa- 
tients before treatment and was suppressed to a few 
percent of I ho prol reatment level in some of the patients 
during treatment, data covering a wide range of sebum 
production rates were obtained. By using squalene as a 
measure of sebum production and plotting the rates of 
production of the other lipid classes VS the rate of pro- 
duction of s(iualene, it was possible through extrapola- 
tion to estimate the residual (i.e., epidermal) rate of 
production of each lipid class at zero sebum production. 
The results indicated that epidermis releases triglycer- 
ides + free fatty acids and cholesterol to the skin surface. 
The cholesterol esters in freshly secreted skin surface 
lipids appeared to be almost entirely sebaceous in origin. 

Measur^ents were also made of the percentages of 
cholesterol esters in lipid collected from the scalp after 
se^v^eral days' accumulation and were compared to cor* 
responding values for the forehead lipid. The percent- 
ages of cholesterol esters in scalp lipid tended to rise 
when sebum production was suppressed by the drug, 
rather than remaining relatively constant as occurred 
in the freshly secreted forehead lipid. This result indi- 
cated that epidermis may contribute to skin surface 
cholesterol esters, probably through skin surfaee ester- 
ifioation of epidermal cholesterol. 

Human skin surface lipid consists of a mixture of s^bum and 
of lipid derived from the keratinizing epidermis. Sebum is 
thought to be the sole source of the wax esters and squalene 
found in the surface lipid film [1,2]. However, the relative 
contribut ions of sebum and epidermal lipids to the skin surface 
pools of trif;lycerides, free fatty acids, chok'sterol, and choles- 
terol esters have been difficult to define. 

Epidermal components may be expected to form a larger 
pSSpmito of lotal akiit sujftee lipid on skin with low sebum 

Manuscript westved febroMsf 4, iWSt aSfiepiBi for jiuWicaiioit: Jtaly 
27, 1983. 

* This paper was presented, in part, at The Society for liivcKlit;alivf 
Dermatology, Inc. and the European Society for Derniaiological Re- 
search Joint International Meeting, ApritiSW-May 1, 1983, Washington. 

D.r. 

lieprinl requesis to: Dr. Mary lOllen Stewart, 270 Medlalis, Depart- 
ment of Dermatology, University of Iowa College of Medicine, lows 



production rates than on skin with high sebum productijajj 
rates. Therefore, one approach to identifying epidermal lipids 
has been to measure the amounts of various skin surface lipid 
classes on skip at anatomic sites having differing levels of 
sebaceous gland activity. Using this approach, Greene et al, [2] 
concluded that the epidermis contributes triglycerides and/o:t 
free fatty acids, cholesterol, and cholestferol esters to the siin 
surface lipid film. Gray and Yardley [IJ have shown, however, 
that human epidermis contains insignificant quantities of cho- 
lesterol esters. This discrepancy between the two studies in 
regard to the origin of cholesterol esters may result from a skin 
surlac V esterase acting to form cholesterol esters from secreted 
cholesterol. 

In llu" i)rcscnt study, a wide range of variation in sebum 
production rates was induced in acne patients by treatment 
Vfiib oral 13-cis-retinoic acid (Accutane). The effect of this 
variatiion in sebum production on the rates of iwoduction of 
various skin surface lipids by forehead skin was studied, using 
a m(>thod involving absorption of freshly sc( r(>icd lit>id into 
beiitonite clay and subsequent analysis of the collected lipid. 
From the results, it was possible to estimate the epidermal rate 
of production of various skin surface lipid classes. The possi- 
bility of skin surface esterification of cholesterol was studied 
by comparing the percentage of cholesterol esters in freshly 
secreted forehead Ipid to that la Ipxd ^hich had h$m allowed 
to accumulate the. S(^pi, 

iiiiTnooi 

Subjects and Treatment 

'I'he subjects were 18 acne patients (16 men and 2 women, ai;es 17.,, 
28 years), who were participating in a clinical trial of 13-c/.s-rel inoic! 
acid. Inlorviied consent was obtained lor all procedures. The iiatients; 
received the drug for 20 weeks in dosages of 0.1, 0.5, or 1.0 mg/kg/day, 
Det.ails of llie elTects of t he drug on sebBEW ftr§illjp1;ip3a« to tbesg-pStfen^: 
have lieen report e<l elsewhere [3]. 

Measurement of Skin Surface Lipid Production linles 

Skin surface lipid production rates were measured on 9 occasions in 
each patient; prior to treatment; at 2, 4, 8, 12, 16, and 20 weeks of 
treatment; and at 4 and 8 weeks after digcontiWation of treatment. 
On each occasion, the collection sites on the patients' foreheads were 
first depleted of lipid by two se(]uential applications of a gel of bentonite 
clay in 10% aqueous ethanol containing 0.2% carboxymfithylcellulose, 
A tBetangular piece of nylon cloth was embedded in the diay! flS it Was 
applied. When the cloth was later removed, the dry clay came off with 
it. The clay was left in place for a total of 14 h immediately prior toi 
the beginning of the 3-h collection period. This preabsorption step is 
necessary in order to deplete accumulated sebum and to allow for the 
measurement of (he sustainable rates of skin surface lipid productioa 
[4]. For the measurements, fresh bentonite clay was applied to the 
sites. During this application of the clay, 2 disks of Dacron mesh, 1.9 
cm in diameter, were embedded in the clay about 1 cm apart on either 
side of the midline of the forehead. At the end of the 3-h collectian 
period, the disks were rem»v«d, ©acE bilm^fflg :Witft if ' t6e clay fr©^ 
2.H-cm- area of sltin. 

After the disks were removed Irom tlie I'orehead, they were placed in 
separate vials containing 5 ml of ether. Several hours later, the ether 
«|$if$M^ were lesaiitfiieeid liS siSEig^^cjap teK itite, the ether ^as Wvi^ 
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orated, and the lipid was rodissolved in either 50 or 100 ;d of toluene 
containing 2 nig/nil ol' a methyl oleate internal standard. Aliquols (4, 
8, or 12 fx\) of the toluene extracts were applied to (i nnn-wide lanes 
scored in thin-layer chromatography plates coated with 250-;(m layers 
of silica gel Each sample was chromalographed on 2 separate plates. 
Plate 1 was developed in hexane and then in toluene. Plate 2 was 
developed in hexane, toluene, and twice to 10 cm in hexane:ether:acetic 
acid, 80:20:1. The developed plates were sprayed with r)0% aqueous 
sulfuric acid and then charred by healing slowly lo 220°C on an 
aluminum slab placed on a hotplate. After the |ilates had cooled, the 
charred spots were ciuantified by pholodensitomel r\' [ri.t!]. Tlu' amount 
of wax esters in each disk was calctilated from plate 1 by dividing the 
densitoniel ric peak area for the wax ester spot by the peak area lor Ihe 
methyl oleate spot and multiplying the result by Ihe amount of methyl 
oleate (0.1 or 0.2 mg) added to the sample. An average of the right and 
left disks was calculated and converted to tlie traditional units of mg/ 
10 cm-/:! h (mg/disk/:i h - 0.28 = mg/10 car/:! h). The production 
rates of the oilier lipid classes were estimated by first calculating Ihe 
percentage composition of each lii)id extract from Ihe peak areas on 
plate 2, using ajjpropriate correction factors for carbon content |.')|. 
The rate of production of each li]oid class was then calculated using the 
relationship: rate of production of lipid X = (% lipid X/'n wax esters) 
X rate of production of wax esters, liates of production of triglycerides 
and free fatty acids were added together and lhe.se components treated 
as a single lipid class. This was done because skin surface bacteria can 
hydrolyze triglycerides and it is, therefore, not possible to know how 
much free fat*}! aeW is released in free tmtm aad, how much as triglyc- 
erides. 

Analysis of Scalp Lipid 

The patients had been instructed ta shampoo only with Johnson's 
Baby ,Sham()oo and to use no other hair products during the study. 
They refrained from sham|)ooing for 1-2 days before the collection 
when they were off IreatmenI, and for 1 week when I hey were on 
treatment. .Scalj) lipid was extracted by pouring 400 ml of 9,S'>(> ethanol 
over the hair and scalp of the patients. (Innnedialely following this 
procedure Ihe patients rinsed their hair thoroughly with water.) The 
composition of the scalp lipid was determined by thin-layer chroma- 
tography and photedemsitaimeilirfi as destrfibed above for the feiefcead 
disk extracts. 



Chntrihution of thx Spidermis to' Skin Surface Lipid 

By plotting the production rate of each lipid class vs the 
production rate of squalene and extrapolating fo zero squalene 
production, an estimate of the amount of each lipid class that 
was derived from the epidermis could be obtained. Figs 1 and 
2 show the results oi islottiiig all ol the points from all of the 
patients, regardless ol the dose level of 13-ci5-i;etuioic acid that 
they received. The regression lines both for triglycerides + free 
lattv acids vs squalene and for cholesterol vs squalene have 
jiositive intercepts on the y axis (Figs lA, 2A ). The v intercepts 
provide estimates of the amount ol triglycerides -t- free lattv 
acids and ol cholesterol which are not derived from sebum and, 
therefore, presumably arise from epidermis. In contrast, the 
production rates of wax esters (Fig IB) approach zero as 
s(iualene production appioaches zero. (The relationship be- 
tween wax esters and squalene is not linear and the regression 
hue (Iocs not pass through the ori^n. Urawmer, it can be seen 
Irom the data poiats that both components tend toward ^ero 
together.) Pig shows that 'liie amount of cholesterol esters 
contributed fey epidermis ia-pcobablv very small. 

Fig 3 shows the values obtained lor each individual [latient's 
production rates ol triglycerides + Iree lath' acids, cholesterol, 
and cholest erol esters. I he values were obtained by calculating 
regression lines as in Figs 1 and 2, except that the regression 
lines were calculated separately for each ])atient using the data 
from the 9 collectionSfiaaiiebelore, during, and lollowing treat- 
ment. The points are gtouped according to the dose of 13-cjs- 
retinoic add received. The dose of the drug appeared to Mve 
no effect on the average values for the epidermal production 
rates oF the various lipid classes. The calculated epidermal 
production rates of triglycerides -I- free fatty acids are more 
variable among individuals than are the rates for cliolesterol 
and cholesterol esters. The average epidermal product ion rate 
of cholesterol esters from the regression lines for the 18 patients 
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Fig 2. Plots of the amounts of cho- 
lesterol (..4 ) and cholesteitol .esters (B) vs 
amounts of scjaalene produced on 10 cm' 
of ferehead slcin iij 3 h.. Data were ob- 
tained from the- same samples as in 
f if 1- 
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Fig 3. Estimated rate.s of production of :! neutral lipid cUi.s.'^e.s on 
the forehead.s of 18 acne ]);itie!its I rcaled wilh different dose.s (jf lli-c/.s- 
retinoic acid. Each point represents the y intercept of a regression line 
from a plot similar to those in l''i;,'s I and 2j igj^pt ttet eaisl! ptet 
included the values from only 1 patient. 
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Fic. 4. Percentages of cholesterol esters in lipid recovered from the 
forehead (.so//rf circles) and scalp (open circles) of 18 acne patients 
Ijefore, during, and following treatment with 1 ;i (-(.s-retinoic acid. The 
points show means ± SD. The difference hetween forehead and scalp 
was siRnilicant at the 0.01 level for all iHiints from week 2 through 
week 20 (paired /-tesi.s). The decline in the percentage of cholesterol 
esters in the scalp lipid between 4 and M w*ek» 'WJis siia ;it|Hifjcairt 
(r = -0.905,p<0.()5). 

calculated separately was 0.004 mg/10 cm'/3 h, in contrast U 
0.001 mg/10 cm73 h from the regre.s.sion line in Fig 2B. How- 
ever, if the regression line in Fig 2B was recalculated omitting 
the two highest (and very deviant) points, a value of 0.004 rngf 
W cmVS h was obteiMed. 

Percentage of Cholesterol Esters in Forehead and Scalp Lipid . 

In Fig 4, it can be seen that the i)ercentage of cholesterol 
esters in the forehead lipid remained relatively constant during 
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drug treatment. However, in the scalp lipid the percentage ol 
cholesterol esters more than doubled alter 4 weeks on treat- 
Qieiit. The difference between forehead and scalp values was 
significant: fcas all collections made during treatment. There 
was a aiffai&cmt decline b^t\yeen 4 and 20 weeks in the per- 
centage of cholesterol esters in iscalp Itphi, but values did not 
return to pretreatment levels iintil treatment ended. 

DISCUSSION 

The Origin of Squalene and Wax Esters 

Squalene and wax esters are regarded as unique products of 
the sebaceous glands, since neither is found in isolated epider- 
mal cells, except in trace amounts which may represent contam- 
ination by sebum [1]. Moreover, both these components tend 
to be low on the skin of young children [7] in whom sebaceous 
gijaftdS are small because of low levels of circulating androgens 
ff to linpiiiblished results, we have found that in some 6- to 
S-year-oid children squalene production on the forehead is 
undetectable and the production of wax esters is very low (less 
than 0.005 mg/10 cm73 h). 

Effect of IS'cis-Rctinoic Avid on Wax Ester Production 

If JjHg been observed previously that the wax ester/squalene 
ratio ts decreased in the skin, .surface lipid of subjects being 
tretated with 13-cis-retinoic acid [9,10]. Commenting on this 
feffect, Strauss et al [9] postulated that squalene synthesis may 
be prelerentiallv preserved when sebum secretion is suppressed 
by the drug or, alternativelv, epidermal lipid may contain some 
squalene. The results of the present study indicate that the 
wax ester/squalene ratio falls because wax ester synthesis is 
suppressed more than that of other sebaceous lipids. Linear 
relationships were observed between tht pm&ction of squalene 
and the production of lipids other than wax esters (Figs 1, 2), 
while when the rates of praductton of the various lipid classes 
were plotted vs the rate of production of wax esters (not shown), 
nonlinear relationships were observed. Therefore, it must be 
the wax esters that change relative to other sebaceous lii)id 
classes. The reason for this change remains to be determined. 
The observation that rates of wax ester and squalene produc- 
tion tend toward zero together, although in a nonlinear manner 
(Fig IB), is in agreement with the evidenCl MMttfeftti 
that skin surface squalene is entirely sebaceous in ori;^ji^ 

The Origins of Triglycerides ■¥ Free Fatty Acids and 
Cholesterol 

The results of the present study, indicating that triglycerides 
+ free fatty acids and cholesterol are released to the skin by 
the eiJideriius, are in agreement with the reports of Nicolaides 
[11] andof Gray and Yardley [1] that epidermis contains these 
lipid classes. Gray arid ¥ardley found that triglycerides, free 
fatty acids, and cholesterol each accounted for 2S% of the 
neutral lipids of human epidermal cells. Our data indicate a 
somewhat lower proi)ortion of cholesterol relative to triglycer- 
ides + free fatty acids. One possible explanation of this dis- 
crejjancy is that, in some patients, 13-c/.s--ret inoic acid increased 
the amount of triglycerides -I- free fatty acids released by the 
epidermis. (See next section). 

On areas with any substantial rate of sebum secretion, se- 
baceous glands would be quantitatively more important than 
epidermis as the source of skin surface tr^glyceddes + toe, Mty 
acids, since these components together mfite tfp atetit S®% 6f 
sebum [2]. The role of the sebaceous glands in supplying skin 
surface cholesterol is not entirel\' clear. Isolated sebaceous 
glands contain some ciiolesterol as would he expected 

considering the im|)ortance of cholesterol in membrane struc- 
ture. Before sebum is secreted, however, cellular nienil)ranes 
are broken down and much of the cholesterol may become 
Ssterified with fatty acids released from phospholipids. In Fig 



2A the rate of cholesterol secretion can be seen to increase 
significantly with the rate of sebum secretion. However, when 
regression lines were calculated for each patient separately, the 
r values (not shown) for 9 oi them indicated no signilicJamt 
increase o£ cholesterol secretion with increased st^ualene seCre- 
Mon. This suggests that th^re may be in^i^^dual variation in 
the extent of cholesterol esterification in terminally differen- 
tiating sebaceous cells. 

Effect of 13-cis-Retinoic Acid on Epidermal Lipid Production 

The pif^feii^jt exifis rsiess&Mpifemaii lipfd production 
are influenced by 13-cis-retinoic acid. Indeed, Plewig, Niko- 
lowski, and Wolff [13] reported that, in some patients on 13- 
c(,s-retinoic acid, the corneocytes lining the follicular wall ac- 
cumulate abnormal lipid droplets. Since our study depended on 
the sebum-suppressing effect of 13-c(,s-retinoic acid, there was 
no way to compare epidermal lipid production in patients and 
untreated control subjects. However, it was possible to compare 
patients on the three different dose levels. The results (Fig 3) 
indicated that there was no effect of dose size at the levels 
used. However, there was considerable variability among indi- 
vidual patients on all three doses in the estimated epidermal 
product ion rate of triglycerides -f free fatty acids. Possibly this 
variability results from different effects of the drug on different 
individuals. 

The ^ngtrn &fGU@MsmriA Esters 

The present study supports other evidence that sebaceous 
glands [jroduce cholesterol esters. Thus, although Kellum [14] 
did not detect cholesterol esters in lijiid from isolated sebaceous 
glands, a later study using a more sensitive method of detecting 
lipids on thin-layer chromatograms indicated that lipid from 
isolated sebaceous glands contains about 2% cholesterol esters 
[12]. In a study of in vivo sterol secretion, Nikkari, Schreibman, 
9nd Ahrens [15] found that lipid collected from the forehead, 
an area of high sebum secretion, had more cholesterol esters 
relative to free cholesterol than did lipid from the feet, which 
have few sebaceous glands. A sebaceous origin for most skin 
.surface cholesterol esters can also be inferred from the report 
by Gray and Yardley [1] that human epidermal neutral lipid 
contains only about '2"o cholesterol esters, an amount which is 
too little to account for a 2.5% concentration in skin surface 
lipid. Finally, the fact that skin surface cholesterol esters con- 
tain types of fatty acyl chains thought to be unique to sebum 
(e.g., various tnethyl-branched and A6-unsaturated chains 
[16]) is also evidence for a sebaceous origin of at least the fatty 
acid moieties. 

Whether the epidermis relem^sny cholesterol esters to the 
skin surface remains in doubt. Our results shown in Fig 4 
indicate that a small amount of cholesterol esters may be 
derived from the epidermis, but it was not possible to distin- 
guish direct epideraBlfecrefioik &6m sMn silrfaCe esteMUcation 
(next section). 

Role of Skin Surface Esterification 

In skin surface lipid from areas of high sebum production 
the percentage of cholesterol esters is about 2J-,''o. Any change 
in this percentage when sebum production is drast ically reduced 
should give an indication of the role of the epidermis in the 
pstiiuetion of skin surface cholesterol esters. There are three 
pffssfbfflifeg? (1) ft the percentage of cholesteixij esters is about 
2.5 in both sebum and in the neutral epidennal lipids, reducing 
sebum production should have no effect on the percentage of 
cholesterol esters in skin surface lipid. (2) If there are no 
cholesterol esters contributed by ejjidermis, reducing sebum 
production should reduce the percentage of cholesterol esters 
in skin surface lipid because, with a small amount of sebum, 
dilution of its components with epidermal lipid would become 



noticeaWe. H the nonpolar %iig ef " ''&pMKfflls> contain 
considerably more than 2.5% cholesterol esters, then an in- 
crease in the percentage of cholesterol esters in skin surface 
lipid should occur when sebum production is reduced. 

These various possibilities were tested and the results are 
shown in Fig 4, which compares the percentage of cholesterol 
esters in forehead lipid and scalp lipid. It can be seen that 
reduction of sebum production caused little change in the 
percentage of cholesterol esters in forehead lipid, suggesting 
that there is an equal percentage of ciioWtefol ^stears in both 
sebum and epldBiroal lipid. However, in scalp lipid from the 
same patients these wmi an incTease in the percentage of 
cholesterol esters, Sii^gesting that scalp epidermal lipid may 
contain much more than 2.5% cholesterol esters. While it is 
not impossible that scalp epidermal lij)id has a different com- 
position than forehead lipid, a more likely explanation for the 
discrepancy between the two sites is skin surface esterificafi^tj 
of epidermal cholesterol on the scalp. The forehead lipid was 
collected after a long preliminary depletion step and the sam- 

in contrast, was collected aftet'mverdl d'kys" accaffitilEitJon on 
the scalp, allowing time for chemical transformation to occur. 

Rates of sebum secretion were not measured on the scalp, 
but by assuming that they were about the same as rates meas- 
ured on the forehead at the times that the scalp lipid was 
collected, some calculations can be made. I'he average pretreat- 
ment rate of sebum production on the iorchead was mg/10 
emyS h. During the on-treatment period Irom 4 through 20 
weeks, average lipid production on the forehead was 0.6 mg/lQ 
cmV3 h. To increase the cholesterol ester content of tihis lipid 
from 2.5% to 6% would require an input of cholesterol esters 
from the epidermis at the rate of 0.021 mg/10 cm^/3 h. Allowing 
for a 66% increase in molecular weight in converting cholesterol 
to chole.sterol esters, 0.021 mg of cholesterol esters could be 
provided by the esterification of 0.013 mg of cholesterol. From 
Fig 2A, the epidermal rate of cholesterol production on the 
forehead was about 0.029 mg/10 cm^/3 h. Assuming this is the 
rate of production on the scalp, then there was about 50% 
esterification of scalp epidermal cholesterol in the average 
fatiept;. 

The skin-dwelling organism Propionibacterium acrms has 
been shown to be able to esterifsr cholesterol in vii.ro f 17] and 
seems a likely candidate for the skin surface conversion. The 
gradual decline in the percentage ol cholesterol esl^ers in scalp 
lipid during treatment tends to implicate P. acnes rather than 
a Jteralin©cy<^ esterase [16], since the population of P. Mfms 
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